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ABSTRACT
Based on biologically plausiblemechanisms and previous research, it is
possible to hypothesize a reciprocal association between sustained
attention and loneliness. We investigated this association using
a cross-lagged modeling approach. Using data from 6,239 participants
aged over 50 in TILDA, a nationally representative study of aging, we
used structural equation models to investigate potential cross-lagged
associations between sustained attention and loneliness, measured at
baseline and again after four years. Sustained attention at baseline had
a small association with loneliness four years later, but loneliness at
baseline was not associated with sustained attention at follow-up.
Auto-regressive associations were strong for both loneliness over
time and sustained attention over time. Sustained attention may
account for a small proportion of the variance in loneliness over time
among older adults, and may constitute a risk factor in the develop-
ment of loneliness. Implications for the identification of at-risk indivi-
duals and the prevention of loneliness are discussed.
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Loneliness is the felt inadequacy of social contact relative to that desired (L.A. Peplau &
Perlman, 1982), and has been shown to be associated with adverse health consequences for
older adults (Holt-Lunstad, Smith, Baker, Harris, & Stephenson, 2015; Valtorta, Kanaan, Gilbody,
Ronzi, & Hanratty, 2016). While most researchers investigate loneliness as being a cause of
cognitive decline, it is also possible that cognitive declines play a role in the etiology of
loneliness (de JongGierveld, 1987; Fees,Martin, & Poon, 1999). For instance, superior cognitive
functioning may in some way protect against loneliness in later life (Martin, Hagberg, & Poon,
1997). More recently, poor baseline cognitive functioning has been shown to predict higher
levels of loneliness over time in older American adults (Donovan et al., 2017), potentially
because cognitive decline might cause social withdrawal (Charles & Carstensen, 2010; Crooks,
Lubben, Petitti, Little, & Chiu, 2008), potentially precipitating loneliness.
It is worth considering whether specific cognitive domains predict loneliness. Because
of the multidimensional natures of both social and cognitive function, there is a need for
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more domain-specific research that can explore connections between the two in a more
granular manner (House, Umberson, & Landis, 1988; Krueger et al., 2009). One domain-
specific relationship worth investigating is that between attention and loneliness.
Having disorders of attention such as Attentional Deficit and Hyperactivity Disorder
(ADHD) was associated with increased loneliness among older adults (Michielsen et al.,
2015) since, as the authors comment, inattention may make social interaction difficult.
A cross-sectional association between attention and loneliness exists (Tzang, Yang, Yeh,
Liu, & Tsai, 2015), while lonely individuals have been shown to have poor attentional
performance (Letitia A Peplau, Perlman, Peplau, & Perlman, 1982).
The directionality of the causal pathway between loneliness and attention is not yet
well established. Social attention difficulties in particular might drive loneliness (Conroy,
Golden, Jeffares, O’Neill, & McGee, 2010), as may hyper-vigilance to social threat
(Bangee, Harris, Bridges, Rotenberg, & Qualter, 2014; Cacioppo, Norris, Decety,
Monteleone, & Nusbaum, 2009; Gardner, Pickett, Jefferis, & Knowles, 2005).
More specifically, we recognize the need to focus more on the potential relationship
between sustained attention and loneliness. Sustained attention refers to the ability to
mindfully sustain the processing of stimuli that do not inherently capture attention
(Robertson, Manly, Andrade, Baddeley, & Yiend, 1997). While it is debatable whether the
aging process itself impacts on the ability to sustain attention (Staub, Doignon-Camus,
Despres, & Bonneford, 2013), sustained attention underlies other cognitive functions
that are vulnerable to age-related decline (Sarter, Givens, & Bruno, 2001).
Preliminary neuropsychological evidence suggests that neural mechanisms of sus-
tained attention may underlie loneliness. Activation in nodes of the ventral attention
network, which reorients attention to exogenous cues, and is suppressed during goal-
directed, top-down tasks which require the maintenance of attention (Corbetta, Patel, &
Shulman, 2008; Tian, Liang, & Yao, 2014), is associated with higher levels of loneliness
(Tian et al., 2014). Tian and colleagues interpret their findings to mean that loneliness
may, at a neural level, reflect excessive reorientation to potential threats in the environ-
ment, at the cost of sustaining top-down attentional processes. Thus it is possible, based
on Tian’s findings, to hypothesize that loneliness is associated with a failure to suppress
the ventral attention network, manifesting in poor performance at sustained attention
tasks. This hypothesis would also account for Cacioppo’s finding that loneliness involves
hyper-vigilance for social threats (Cacioppo et al., 2009).
It is equally possible to hypothesize that loneliness drives poor sustained attention,
since loneliness is most typically found to be a predictor of cognitive decline more
generally. High levels of loneliness are also associated with cognitive decline (Boss, Kang,
& Branson, 2015; Cacioppo & Cacioppo, 2013; Ellwardt, Aartsen, Deeg, & Steverink, 2013),
as well as increased risk of dementia (Holwerda et al., 2014; Wilson et al., 2007), and may
even constitute an early marker of Alzheimer’s disease (Donovan et al., 2016). Across
a sample of breast cancer survivors and healthy controls, Jaremka et al. (2014) found that
lonely participants had worse scores on a measure of sustained concentration (Homack
& Riccio, 2006), and attributed this performance to pre-existing loneliness as a risk factor.
However, their design precluded comment on the directionality of the relationship
between loneliness and sustained concentration.
We investigated whether sustained attention is associated with loneliness after controlling
for covariates, in a sample of healthy older adults participating in the Irish Longitudinal Study
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of Ageing (TILDA). We used a cross-lagged panel modeling approach, to additionally model
the possibility that the hypothesized association between loneliness and sustained attention
is the other way around, such that loneliness predicts sustained attention, in the same way
that it predicts global cognitive function (Boss et al., 2015). We hypothesized a bi-directional
relationship: that sustained attention would predict loneliness, and the converse, that lone-
liness would predict sustained attention.
Methods
Design
The current analysis utilized data from waves 1 and 3 of the Irish Longitudinal Study of
Ageing (TILDA), which were spaced four years apart. TILDA is a nationally representative,
prospective, longitudinal cohort study in the Republic of Ireland. TILDA assesses social,
economic, and health circumstances among 8175 community-dwelling adults aged over 50
at wave 1 (more information can be found on the study design of TILDA at (Kenny et al.,
2010)). The study was approved by the faculty of health sciences research ethics committee
at Trinity College Dublin. Participants were recruited to TILDA using a random sampling
procedure based on geographic location, with additional inclusion criteria of being 50 years
of age or over, and resident in Ireland. The sample size required to represent the national
aging population was 8,000 (Kenny et al., 2010). If eligible participants were married or
partnered, their spouses and partners (of any age) were also invited to take part.
Participants
The current analyses relate to 6,239 participants of the TILDA study who were aged over
50 (thus excluding some partners of participants who were under 50). This sample was
45.4% male and 54.6% female (see Table 1).
Measures – covariates
Within the cross-lagged models, analyses controlled for the following covariates: age, sex
(dummy coded such that 0 = male and 1 = female), education (assessed as a three-level
Table 1. Baseline sample characteristics for the 6,239 participants from the
TILDA study whose data are analyzed in the current investigation (CESD20:
the 20-item Centre for Epidemiological Studies depression scale;
CESDNoLon: CESD20 with item enquiring about loneliness removed; SART
RT: Sustained Attention to Response Task Reaction Times).
Mean, SD (or percentages where appropriate)
Age 63.05 (9.22)
Sex 54.6% females; 45.4% males
Education 26.96% no qualification
41.07% intermediate qualification




Coefficient of variation SART 0.31 (0.16); median = 0.28
Commission errors SART 3.49 (3.62)
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variable where levels were “no qualification”, “intermediate qualification”, and “degree
qualification or higher”), and depressive symptomatology (scores on the Centre for
Epidemiological Studies Depression scale (Radloff, 1977) with the item inquiring about
loneliness removed).
Sustained attention
Sustained attention was assessed using the Sustained Attention to Response Task (SART;
Robertson et al., 1997). In this task, a series of single digits between 1 and 9 are
sequentially presented to the participant on a computer screen. Each digit is presented
for 300 ms, with 800 ms intervals between digits. Participants are instructed to press
a keyboard key as soon as possible (with response time noted) for each digit presented,
except if the digit is 3. For the purposes of the current analysis, a latent “sustained
attention” variable was created with two indicators: (a) the coefficient of variation of the
reaction times to the SART, a measure of performance variability and (b) the number of
commission errors made by each participant, or the number of trials in which the
participant pressed the response key following the presentation of the digit “3ʹ. These
two indicators were chosen following consultation with the lead author of the original
task (Robertson et al., 1997). Trials in which response times were outside of three
standard deviations of the participants” mean response time were defined as outliers
and removed since they likely reflect fatigue, loss of interest or test interruption.
Loneliness
Loneliness was specified as a latent factor with three indicators: the items constituting
the 3-item version of the University of California, Los Angeles (UCLA) Loneliness scale
(Russell, 1996). This scale has previously been shown to have acceptable psychometric
characteristics (Hughes, Waite, Hawkley, & Cacioppo, 2004; Russell, 1996). Its three items
are “I feel left out”, “I feel isolated”, and “I lack companionship”.
Data analysis
Data from participants aged over 50 (n = 6,239) only were included for the purposes of
this analysis. Data were all tested for multivariate normality and assumptions for regres-
sion were tested and satisfied. We initially specified a model within an SEM framework
and using a maximum likelihood estimator (using the lavaan package; Rosseel, 2012)
with auto-regressive pathways and covariates only, and in a second model, included
cross-lagged paths such that loneliness at wave 3 was regressed on sustained attention
at wave 1, and sustained attention at wave 3 was regressed on loneliness at wave 1. In
accordance with the approach previously laid out (Hyland et al., 2015) we conducted
these two models and compared them using Akaike and Bayesian Information Criteria
(whereby smaller values indicate better model fit). If in model 2, then, there are cross-
lagged paths between sustained attention and loneliness, a third optional step is to
constrain the two cross-lagged paths as equal; if this third model is a better fit to the
data than model 2 (in which both paths are freely estimated), one can conclude that
there is no single dominant pathway in the cross-lagged association. Step 3 is not
deemed to be necessary if, at step 2, there is an absence of cross-lagged paths.
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While AIC and BIC can provide relative evaluation of models, absolute model fit was
evaluated using standard SEM indices – the confirmatory fit index (CFI), Tucker Lewis
index (TLI), root mean square error of approximation (RMSEA) and standardized root
mean square residuals (SRMR). Both the CFI and TLI should be above 0.9, while the
RMSEA should be lower than 0.05, and the SRMR lower than 0.08 (Hu & Bentler, 1999).
Results
Average age was 63.05 (50–105 age range, SD = 9.22). For the most part, participants
had low levels of depressive, anxiety, and loneliness symptoms (see Table 1). Analyses
were conducted on data pertaining to those individuals who took part in the compre-
hensive health assessment only.
Model 1: autoregressive paths
The model converged normally after 182 iterations, and fit was marginally acceptable,
χ2417 = 5683.68, p < 0.001, CFI = 0.89, TLI = 0.89, RMSEA = 0.045 (CI90 = 0.044, 0.046),
SRMR = 0.046. The measurement model component indicated that items loaded on
satisfactorily to the three latent variables of depression, loneliness, and sustained atten-
tion (see Supplementary Materials, Table 1).
Looking to the structural component of the model, then, clear auto-regressive paths
were evident between waves 1 and 3 of data collection for both sustained attention, β = 0.8,
p < 0.001, and loneliness, β = 0.62, p < 0.001. Higher age, female sex, lower education, and
higher levels of depressive symptomatology all predicted worse performance on the SART,
while male sex, higher education, and higher depression levels all predicted higher levels of
loneliness (see Table 2). Notably, age at wave 1 did not predict loneliness at wave 3.
Model 2: cross-lagged paths
Next, a second model with cross-lagged paths (from SART at wave 1 to Loneliness at wave 3,
and from Loneliness at wave 1 to SART atwave 3) was conducted. Again themodel converged
normally, after 230 iterations, and fit was marginally acceptable, χ2415 = 5676.97, p < 0.001,
Table 2. Structural model component of model 1: autoregressive paths only.
Beta SE Z p
SART Wave 3 as outcome
SART Wave 1 0.80 0.15 9.89 <0.001
Age 0.22 0.01 7.43 <0.001
Sex 0.05 0.07 2.89 0.004
Education −0.11 0.05 −5.25 <0.001
Depression 0.05 0.04 2.22 0.03
Loneliness Wave 3 as outcome
Loneliness Wave 1 0.84 0.03 28.21 <0.001
Age −0.00 0.00 −0.23 0.818
Sex −0.07 0.03 −2.09 0.04
Education 0.05 0.02 2.32 0.02
Depression −0.15 0.02 −6.87 <0.001
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CFI = 0.89, TLI = 0.89, RMSEA = 0.045 (CI90 = 0.044, 0.046), SRMR = 0.045. The association
between Loneliness at wave 1 and SART at wave 3 was not significant, β = −0.02, p = 0.52, but
the association between SART at wave 1 and Loneliness at wave 3 was significant and larger,
β = −0.05, p = .01, indicating that as performance in SART deteriorates, loneliness increases
(see Table 3). Since only one path of the two potential cross-lagged paths demonstrated
significance, therewas no need to conduct step 3 (to explorewhether one pathwas dominant
over the other).
Discussion
The study aimed to evaluate cross-lagged associations between loneliness and sustained
attention in a large sample of adults over 50. We hypothesised that there would be
a reciprocal relationship between sustained attention and loneliness. While sustained
attention at baseline predicted loneliness four years later, the converse, that loneliness
would predict sustained attention, was not supported. Importantly, auto-regressive
paths were strong such that the best predictor of sustained attention at follow-up was
sustained attention at baseline, and the same pattern was observed for loneliness. The
effect sizes of the cross-lagged paths were both small.
Results in relation to the impact of loneliness on sustained attention are difficult to
integrate with previous literature. Since prior findings demonstrate consistently that
loneliness precedes cognitive decline (Boss et al., 2015; Cacioppo & Cacioppo, 2013;
Ellwardt et al., 2013), one might expect that it would also precede declines in cognitive
domains.
In fact, our pattern of results closely mimics those previously reported by Ayalon and
colleagues in relation to the reciprocal relationships between loneliness and memory
(Ayalon, Shiovitz-Ezra, & Roziner, 2016). In their study, Ayalon reported that while
memory predicted loneliness over time, loneliness did not predict memory. Ayalon’s
analysis utilized data collected from older participants in the Health and Retirement
Study, with which the TILDA study is harmonized, and the follow-up timeframe involved
was the same as that in the current study (i.e., four years). Since the studies are not
Table 3. Structural model component of model 1: cross-lagged paths
included.
Beta SE Z p
SART Wave 3 as outcome
Loneliness Wave 1 0.02 0.05 −0.64 0.520
SART Wave 1 0.79 0.15 9.90 <0.001
Age 0.22 0.01 7.43 <0.001
Sex 0.05 0.07 2.91 0.004
Education −0.11 0.05 −5.26 <0.001
Depression 0.04 0.05 1.55 0.121
Loneliness Wave 3 as outcome
SART Wave 1 0.05 0.03 −2.53 0.01
Loneliness Wave 1 0.61 0.03 28.05 <0.001
Age 0.01 0.00 0.43 0.67
Sex −0.02 0.03 −1.91 0.06
Education 0.03 0.02 1.89 0.06
Depression −0.11 0.02 −6.82 <0.001
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sufficiently similar to allow a direct comparison, it would be of interest for future studies
to evaluate comparative effects of different cognitive domains in predicting loneliness.
Boss and colleagues conducted a systematic review of the literature and concluded that
loneliness was predictive of cognitive domains such as intellectual functioning, proces-
sing speed, and memory, but attention was not a domain considered specifically in any
of the studies they reviewed (Boss et al., 2015).
Our findings indicate that loneliness is in small part predicted by sustained attention.
As performance in sustained attention increases, loneliness at a four-year follow-up
decreases among our sample. This finding corroborates our hypothesis in part and is
in accordance with previous literature suggesting a role for better cognitive functioning
in predicting attenuated feelings of loneliness (de Jong Gierveld, 1987; Donovan et al.,
2017; Fees et al., 1999; Martin et al., 1997). Findings also accord with a previous finding
of a cross-sectional association between attention and loneliness (Tzang et al., 2015).
Results also make sense in the context of previous research which has suggested that
individuals who are lonely have tendencies to divert attention to social cues with
excessive vigilance (Bangee et al., 2014; Cacioppo et al., 2009; Gardner et al., 2005),
a feature or behaviour that can be differentiated from a more sustained form of
attention (Corbetta et al., 2008; Tian et al., 2014, 2014). Increased vigilance and distract-
ibility in the presence of social cues would necessarily lead to a decrease in performance
in tasks of sustained attention to non-social stimuli, in keeping with these previous
suggestions by Corbetta, Tian, and colleagues (ibid.)
The current study is not without limitations. We frame our analysis as an explanatory
rather than a predictive model and as such it was our aim to test a causal hypothesis
rather than create the most accurate prediction of either loneliness or sustained atten-
tion (Shmueli, 2010). We used the standard SEM indices to evaluate absolute model fit,
but these indices are not without issue and must be considered as a supplement to the
magnitude and statistical significance of the model coefficients (Newsom, 2016).
It is possible that the model failed to account for an important confounders in the
association between sustained attention and loneliness. We controlled for age, gender,
education level, and depressive symptomatology in the current analysis, which repre-
sent, to our understanding, the principle areas of interest when evaluating the relation-
ship between sustained attention and loneliness. However, it is possible that our
covariate coverage and analysis strategy was too narrow or misplaced. For instance,
since it has been suggested that sustained attention underlies cognitive processes
(Staub et al., 2013) perhaps cognitive decline in fact mediates some of the association
between sustained attention and loneliness. Future research employing mediation
models would be able to evaluate this possibility. It is equally possible that we have
not adequately explored other potential mediators in the relationship between sus-
tained attention and loneliness. Some previous research indicates that individuals with
attention disorders can report higher than average levels of loneliness (Michielsen et al.,
2015) which may be due to difficulties in maintaining social interactions. Our current
findings accord with this purported mechanism since we note that sustained attention is
associated with loneliness. Additional analyses are required to further explore the
possibility that social interaction may mediate the association between sustained atten-
tion at baseline and loneliness at follow-up.
AGING, NEUROPSYCHOLOGY, AND COGNITION 203
The value of the current study lies in its attempt to tackle a relatively neglected research
question – the association between domains of cognitive function and loneliness (House
et al., 1988; Krueger et al., 2009). We report that sustained attention difficulties may predict
loneliness among older adults. Results have clinical implications for those looking to prevent
loneliness in later life, which has of late become a serious public health priority (Hunter,
2012; Klinenberg, 2016), notably within the UK in the Campaign to End Loneliness, and the
more recent Loneliness Taskforce established in the Republic of Ireland. While effect sizes
were small, it should be noted that sustained attention represents one risk factor for the
development of loneliness over time. One way in which loneliness might be avoided is by
supporting the maintenance of functioning in specific cognitive domains such as sustained
attention. Taken together with Ayalon’s finding of an effect of memory on loneliness, it
could be suggested that domain-specific focus in cognitive maintenance in later life might
represent a useful strategy to mitigate or avoid loneliness in this population.
In summary, we report that while sustained attention has a small association with
loneliness at follow-up, loneliness did not predict sustained attention at follow-up.
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